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Axoglial junctions: Separate the channels or scramble the message
Peter J. Brophy
Axoglial junctions flank the nodes of Ranvier in
myelinated nerves. These large cell adhesion complexes
have an essential role in sequestering potassium
channels located under the myelin sheath from nodal
sodium channels. Recent studies have shed new light
on the composition and function of axoglial junctions.
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Fast and efficient communication is a characteristic feature
of the complex nervous systems of higher vertebrates. This
type of nerve impulse conduction requires ensheathment of
nerve fibres by oligodendrocytes and Schwann cells, the
myelin-forming glia of the central and peripheral nervous
system (CNS and PNS), respectively. In myelinated fibres,
sodium channels concentrate in axolemmal domains at nodes
of Ranvier that are delimited by axoglial adhesion zones, and
these specialized regions encourage the action potential to
jump rapidly from node to node down the fibre — saltatory
conduction (Figure 1). Several recent papers ([1–3] and S.S.
Scherer and E. Peles, personal communications) have made
substantial contributions, not only to our understanding of
the molecular composition of the paranodal axoglial junc-
tion, but also to a clearer appreciation of its relationship to
the function of the node of Ranvier in health and disease.
The tight wraps of glial myelin expand at their extremities
to form cytoplasm-filled paranodal loops, which adhere to
the neuronal plasma membrane, or axolemma. Here, they
form an adhesion zone with a characteristic septate-like
morphology (Figure 1). The complex appears to have a
unique composition, with the axonal ‘contactin-associated
protein’ caspr (or paranodin) as its first reported con-
stituent [4,5]. Caspr/paranodin and the other major paran-
odal axonal protein, contactin, form a cis complex in the
paranodal axolemma of PNS fibres, and this interaction is
also necessary for delivery of caspr/paranodin to the cell
surface [2,6]. The considerable sequence similarity between
caspr/paranodin and Drosophila neurexin IV prompted the
suggestion for a further name-change to NCP1, indicating
that it is a member of a subfamily of neurexin-related pro-
teins [1]. Last year, an alternatively spliced isoform of the
neuronal cell adhesion molecule neurofascin, NF155, was
identified as a counterpart of caspr/paranodin in the paran-
odal loops of both oligodendrocytes and Schwann cells,
where it is concentrated at the axoglial junction (Figure 1)
[3,7]. However, no evidence has yet been found for an
adhesive trans interaction between the two proteins.
What is the function of the axoglial junction? One proposal
is that the establishment of tight contact between myelinat-
ing processes and the axon during development might help
to cluster sodium channels at the node. In this model,
sodium channels would accumulate at the edge of each
extending myelin process during ensheathment, such that
the spreading processes would force axolemmal islands
Figure 1
The distribution of Kv potassium channels,
shown in green, and sodium channels, shown
in red, before (to the left of the node) and after
(to the right of the node) disruption of the
axoglial junction in Schwann cells and
oligodendrocytes. The yellow tips of the
paranodal loops indicate the position of the
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enriched in channels to coalesce at the nascent node of
Ranvier [8]. Once the paranodal junctions are established,
they could also serve to prevent the diffusion of sodium
channels and restrict them to the node. However, several
new studies on neurological mutants with myelination
defects, either naturally occurring or engineered, have cast
the function of axoglial adhesion in a new light. At the heart
of all of these studies is the question: is the accumulation of
sodium channels at the node of Ranvier cell autonomous, or
does it require glial contact at the axoglial junction?
Recent data from Scherer’s laboratory (S.S. Scherer,
personal communication) have shown that sodium channels
in the CNS axons of myelin deficient (md) rats are clustered
in the absence of paranodal junctions. Mice with the rather
more subtle incapacity to synthesize the abundant galac-
tolipids of myelin exhibit disrupted paranodal axoglial
interactions in the CNS and PNS, but still maintain nodal
sodium channels [9]. If the junctional complex is targeted
directly by inactivating the gene encoding caspr/paranodin,
normal axoglial junctions do not form but the mice still
display nodal concentrations of sodium channels, albeit in a
rather more diffuse fashion [1]. Mice deficient in contactin
also have disrupted junctional attachments; nevertheless,
the absence of normal axoglial adhesion does not affect
sodium channel clustering [2]. In spite of the presence of
sodium channels at the nodes of Ranvier, all of these
mutants have severe neurological phenotypes, which in
most cases have been shown to be linked to substantially
reduced conduction velocities. If sodium channels persist
at the node, how might the conduction of nerve impulses
be compromised by the absence of normal adhesion
between the paranodal glial loops and the axolemma?
In addition to sodium channels, myelinated axons also have
potassium channels. These channels are of the delayed-rec-
tifier type first described in the Drosophila Shaker mutant.
In mammalian myelinated axons, potassium channels are
first detected during development within the nodal gap;
subsequently they are sequestered from the node in the
juxtaparanodal region by the paranodal axoglial junction
(Figure 1) [10]. This channel distribution was in fact first
proposed by Rosenbluth [11] based on the electron micro-
scopic distribution of intramembranous particles. Shaker or
Kv potassium channels are believed to accelerate the rate of
repolarization of the axolemma and play an important part in
the generation of action potentials before the myelin sheath
has been properly established during development. Their
exact function in the mature nerve has yet to be established.
Nevertheless, clues have come from mice deficient in the
Kv1.1 channel, which display conduction failures at branch
points and hyperexcitability induced by cooling [12].
In support of the importance of potassium channel seques-
tration under the myelin sheath in the mature nerve, a key
feature of the deranged axoglial adhesion zones in the md
rat is the aberrant localization of potassium channels closer
to the node (Figure 1; S.S. Scherer, personal communica-
tion). Displacement of Kv channels from the juxtaparan-
odal to the paranodal region of the axolemma is also a
feature of mice deficient in caspr/paranodin, contactin or
galactocerebroside [1,2,9]. In each of these mutants, the
Kv channels approach the sodium channels so closely that
they can sometimes be seen to overlap by immunofluores-
cence microscopy. A protein closely related to caspr, caspr2,
which associates with juxtanodal Kv channels, is also dis-
placed to the paranodal region under these conditions [1].
Thus, the common pathological change in a variety of
mutant mice is the desegregation of sodium and potassium
channels as a result of a defective axoglial junction. The
mechanism by which channel displacement might con-
tribute to both ‘negative’ (conduction block) and ‘positive’
(spontaneous bursts of impulses) consequences in demyeli-
nating diseases is still not clear. Nevertheless, spontaneous
firing of action potentials is increasingly suspected of con-
tributing to the development of neuropathic pain in some
demyelinating conditions [13].
Now that the molecular composition of the axoglial
junction is becoming clearer, increasing attention is being
paid to how it might be assembled. Here, the actin
cytoskeleton appears to have an important role. Glial
neurofascin has a well-characterized binding site for the
actin-binding protein ankyrin, but it also interacts with
ezrin, a FERM (protein 4.1-ezrin-radixin-moesin) domain
protein (our unpublished data). FERM domain proteins
can act as linkers to the actin cytoskeleton. Interestingly,
the closely related axonal protein L1 also has a functional
FERM domain binding site, in addition to an ankyrin-
interaction domain, and Benson and colleagues (D. Benson,
personal communication) have speculated these two modes
of linkage to the actin cytoskeleton have distinct func-
tions, with the ezrin site playing a more important part
during axonal development and pathfinding. The property
of associating with FERM domain proteins is shared by
caspr/paranodin. Although, this binding site is dispensable
for targeting, it is required for stabilizing the protein at the
junction ([6] and E. Peles, personal communication). It
now appears that the FERM domain protein with which
caspr/paranodin interacts is protein 4.1B, and that when
the caspr/paranodin–contactin complex is disrupted in
contactin-deficient mice, protein 4.1B is mislocalized ([14]
and E. Peles, personal communication).
The axoglial junction is the largest of the mammalian cell
adhesion complexes, and disruption of the interaction
between myelin-forming glia and the axon is one of the
earliest correlates of axonal dysfunction in demyelinating
disease [15]. A sudden flurry of new data from several labs
has given us a much better picture of the molecular
composition of the complex, and the generation of mice
lacking each of these components is helping to elucidate
their function. In addition to identifying the rest of the
players at this remarkable structure, a key issue which has
yet to be addressed is the possibility of signalling between
axons and glia at the site of axoglial interaction. Scott Brady
and colleagues [16] first showed several years ago that glial
contact influences the extent of neurofilament phosphory-
lation in the axon, and axonal contact is well-known to
influence Schwann cell gene expression in general, and dif-
ferentiation in particular. The major site of physical contact
between the glial cell and the axon is the junction; hence, it
seems very likely that elucidation of the signal transduction
pathways that function in the cytoplasm-filled paranodal
loops, for example, will reveal a new dimension to cell–cell
communication in the nervous system.
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